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(57) Abstract 

A coupling arrangement for non-axial transfer of light power between a multi-mode light source (LS), having a substantially circu 
lar emission with a divergence angle as, and a multi-mode optical fiber (FF) with a cross section Ac, through a length of an intermediate 
feeding multi-mode optical fiber (IF) having an end with cross section area Af coupled with said light source (LS) and one portion fused 
to said optical fiber (FF). Said feeding fiber (IF) has a progressively tapered portion and is fused to said multi-mode optical fiber (FF) at a 
region of the tapered fiber, and in that the relationship between the acceptance angle of of the feeding fiber (IF) and the emission angle as 
of the light source (LS) is expressed by: af - k . as where k is a positive constant greater than 1. 
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A ( ^PISS^S Kt BETWEEN A HW-TI-MODE LIGHT SOURCE AND 
AN OPTICAL FIBER THROUGH AN INTERMEDIATE OPTICAL FIBER LENGTH 



10 



15 



20 



Field of Hh* 4n^ni-< nTl 

This invention relates in general to the coupling or 
transfer of light power between a light source and an 
optical guide, and more particularly to arrangements for 
improving the energy transfer efficiency between a light 
source and an optical fiber through an intermediate optical 
fiber length or pigtail, when a coaxial feeding to the 
final optical fiber is either undesired or impossible. 

In a particular and preferred embodiment that will be 
illustrated in detail, the system acts as a part of an 
optical amplifier. In this case the light source includes a 
multi-mode semiconductor laser diode - or an array of such 
diodes - emitting around a certain wavelength and acting as 
a pump source, and the final optical guide includes a 
single-mode core carrying a travelling signal (single-mode 
radiation of a wavelength different from the pumping one) 
to be amplified. 

In the above mentioned preferred embodiment the invention 
aims in particular to realize a highly efficient coupling 
between a multi-mode optical fiber pigtail and a so called 
25 single-mode double-cladding (SM-DC) optical fiber, although 
the invention is not to be considered restricted to such a 
preferred application. As Single-Mode Double-Cladding (SM- 
DC) optical fiber it is meant a fiber that includes an 
inner (Single-Mode) core with a diameter of few microns, a 
30 first cladding (or multi-mode core), and a second cladding. 
Actually there are a number of situations in which a fiber 
needs to receive light from one or more sources in a non- 
coaxial way, i.e. not along the longitudinal axis of the 
fed fiber. As an example, whenever it is requested to carry 
two or more different radiations along a single guide (with 
the radiations being different in amplitude, wavelength, 
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signal pattern or code, and so on) an increase of the 
number of different sources is involved, which can be also 
of different kinds, and some kind of separation of the 
optical paths entering the final guide is required. 

5 Furthermore a non coaxial coupling arrangement could be 
required in a fiber laser device in which the axial pumping 
would require a special mirror (with selected reflectivity) 
which should be transparent to the pump radiation, and with 
a high reflectivity at the lasing wavelength. 

10 Another situation in which a non-coaxial feeding is 
requested is disclosed for example in US-A-5 170 458 
concerning an optical amplifier obliquely receiving the 
pumping light. 

There are known several arrangements for coupling a 
15 (additional) light source to an optical fiber that include 
one or more of the following coupling devices: 
a prism 

the insertion of an optical guide of whatever kind 
(integrated or with discrete elements > 

20 an intermediate optical fiber joined to the final 

fiber by means of a micro-optic coupler (i.e. a coupler 
adopting microlenses, or beam splitters, or other discrete 
microscopic devices) 

an intermediate optical fiber joined to the final 

25 fiber by means of a f used-fiber coupler. 

The above first three examples raise considerable alignment 
problems in terms of mechanical tolerances, that make their 
realization very expensive and critical from a 
technological point of view, in general producing a poor 

30 coupling efficiency. 

Usually, in telecommunication systems incorporating optical 
fiber amplifiers (OFAs), i.e. lengths of properly doped 
single-mode optical fiber serially connected in the 
communication route, these lengths of fiber are fed with 

35 light from one or more single-mode laser diodes through 
suitable f used-fiber couplers, each of them being in turn 
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coupled with one or more laser diodes. Such (single-mode) 
couplers, formed by merging or fusing two or more pieces of 
fiber, can show a coupling efficiency as high as 90%. In 
coupling the laser chip to the pigtail an efficiency of 
5 less than 50% is normally achieved. Due to the limited 
power obtainable from single mode diodes, high optical 
power is needed, the system has to include a large number 
of diodes, decreasing the reliability of the system as a 
whole . 

10 In order to improve the saturated output power of the 
optical amplifier, without increasing the number of pump 
diodes involved, it has been suggested (see for example US- 
A- 4 829 529. to Kafka) to use a SM-DC optical fiber, 
activated by one or more diode arrays coupled by means of 

15 bulk optics to the fiber end face. 

The present invention concerns an arrangement which allows 
the use of multi-mode laser diode (s) or an array thereof 
coupled to the final fiber through an intermediate optical 
fiber and a f used-fiber coupler. This is advantageous since 

20 multi-mode laser diodes are capable of reaching higher 
output power levels than single-mode diodes , and maintain 
good performance and reliability. 

As it is known a multi-mode laser chip emits light through 
a narrow slit having a thickness in the order of 1 micron 

25 and a width that can be of several tens of microns, with 
the light beam highly diverging in the transverse plane and 
moderately diverging in a plane parallel to the slit width. 
As an example, for laser diodes with 50 \m stripe width, in 
order to collect as much light as possible, a pigtail i.e. 

30 a multimode fiber is usually adopted with a diameter of 
about 60 microns and a Numerical Aperture of about .35, the 
numerical aperture (NA) of an optical fiber being the sine 
of the vertex angle of the largest cone of meridional rays 
that can enter (or leave) an optical fiber. 

35 This simple, direct coupling scheme allows for a coupling 
efficiency of at most 50%. 
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Background art 

It is known to improve the coupling efficiency by locating 
a cylindrical lens between the laser chip and one end of 

5 the pigtail f with the cylindrical lens focusing the 
transverse component of the laser beam into the fiber core. 
In this respect reference can be made to EP-A-0 565 843 and 
also to "Hybrid laser-to-fiber coupler with a cylindrical 
lens" by Maeda M. et al., Applied Optics, Vol, 16 , No. 7, 

10 July 1977, pp 1966-1970. 

Such cylindrical lens does not modify the divergence of the 
beam in the plane of the slit axis, so that at a proper 
distance the beam from the laser chip is substantially 
reduced to having a circular cross section and can easily 

15 be coupled to the core of the optical fiber. 

The pigtail is further fused to the final fiber, i.e. in 
general the fiber to be fed or in particular the fiber 
carrying the signal to be amplified, either at the other 
end of the feeding pigtail (Y coupler) or along a portion 

20 of the feeding pigtail length (X coupler). The coupling 
ratio of such coupler is proportional to the ratio of the 
squared di ame ter of the receiving fiber core to the squared 
diameter of the receiving fiber core plus the squared 
diameter of the feeding fiber core. 

25 By using the SM-DC fiber technique an efficient feeding of 
a single-mode fiber core through a multi-mode fiber pigtail 
can be achieved. When the multi-mode core of the SM-DC 
fiber has the same diameter of the feeding fiber (i.e. 60 
lam ) , the coupling ratio is about 0.5. To further increase 

30 the coupling ratio to the SM-DC fiber it is necessary to 
reduce the feeding fiber core diameter. With a diameter of 
less than 20 microns the coupling ratio could theoretically 
reach values greater than 0.9. 

However, with a reduced core diameter of the multi-mode 
35 feeding fiber to improve the efficiency of the light 
transfer at the coupler, the efficiency of the light 
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transfer from the laser to the feeding fiber would become 
very poor even using a cylindrical lens. 

Object of the invention 
5 It is therefore an object of this invention to provide an 
improved and highly efficient arrangement for transferring 
multi-mode light source power to an optical fiber along a 
non-coaxial direction, which is substantially free from the 
above mentioned drawbacks. 

10 

Disclosure of the invention 

The above object is achieved through the invention which 
consists of a coupling arrangement for non-axial transfer 
of light power between a multi-mode light source, having a 

15 substantially circular emission with a divergence angle as, 
and a multi-mode optical fiber with a cross section Ac, 
through a lencrth of an intermediate feeding multi-mode 
optical fiber having an end with cross section area Af 
coupled with said light source and one portion fused to 

20 said optical fiber, 

characterized in that said feeding fiber has a tapered 
portion, that is a portion with progressively reducing 
diameter, and is fused to said multi-mode optical fiber FF 
at a region of the tapered portion, and in that the 

25 relationship between the acceptance angle af of the feeding 
fiber and the emission angle as of the light source is 
expressed by: 
af * k«as 

where k is a positive constant greater than 1. 

30 According to the invention, a cilindrical lens is used to 
couple radiation from a mult i mode laser chip (or an array 
thereof) to a length of multimode feeding fiber, in such a 
way that the divergence angle of the radiation beam 
propagating along the fiber is smaller than the acceptance 

35 angle of the fiber itself, The feeding fiber (either at the 
far end or along its length) is tapered, i.e. heated and 
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pulled, in order to reduce its diameter and then a coupler 
is formed for example by twisting and fusing such tapered 
portion of fiber on the fiber to be fed, and in particular 
- according to a preferred industrial applicability of the 

5 invention - on the signal carrying fiber. 

The above operation sequence is not compulsory. For example 
the coupler can be formed first and then connected to a 
multimode source or alternatively spliced to an already 
pigtailed multimode source. Other combinations are possible 

10 as well. 

The operation of the invention can be understood 
substantially as follows. 

It is well known to those skilled in the art that the 
quantity of radiation emitted by the unit surface of a 

15 source into the unit solid angle (the so called "radiance") 
cannot be increased by passive optics, therefore a 
reduction in size of the fiber core produces an increase in 
the divergence angle of the beam propagating along the 
fiber itself. As far as such angle remains smaller than the 

20 N.A. of the fiber, no loss is encountered and it is 
therefore possible to produce efficient coupling between 
such tapered fiber and an untapered one. 

A more detailed explanation can be found in the description 
of the annexed figures. 
25 Additional and peculiar advantages are disclosed in the 
appended claims. 

Brief flepcriptjpn <?f th? drawings 

Preferred but non limiting embodiments of the invention 
30 will now be described in details with reference to the 

attached drawings, in which: 

Fig. 1 schematically shows a general arrangement for 

coupling a light source to an optical fiber through an 

intermediate optical fiber length; 
35 - Fig. 2 is a schematic front view of a multimode laser 

chip illustrating the outcoming laser beam shape; 
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- ?ig. 3 schematically shows a multi-mode light source 
including a semiconductor laser diode and a cylindrical 
lens, coupled to a multi-mode fiber pigtail; 

Fig. 4 shows an embodiment of the invention wherein 
5 the intermediate optical fiber has been tapered in the 
coupling region and forms an Y coupler; 

Fig. 5 shows with greater details the twisting of the 
tapered feeding fiber core around the fed fiber core; 

Fig. 6 is an explaining view showing the intermediate 
10 multi-mode optical fiber, and the optical path inside it, 
for illustrating the general principle of the invention; 

- Fig. 7 schematically shows the coupling region and 
light paths for the feeding of a SM-DC optical fiber 
carrying a single-mode radiation as a signal With a multi- 

15 mode beam carried in a multi-mode core; 

Fig. 8 shows a cross section profile of the end of the 
coupling region; 

Fig. 9 shows a cross section of the end of the 
coupling region in case the cladding of the two fibers is 
20 mantained; 

Fig. 10 shows a cross section of the end of the 
coupling region for a substantially elliptical fed fiber; 

- Fig. 11 shows a cross section of the end of the 
coupling region for a substantially rectangular fed fiber. 

25 

Detailed description of a preferred embodiment 
In the drawings the same references are used to indicate 
the same or similar components throughout all the Figures. 
With reference to Fig. 1, the illustrated coupling 

30 arrangement comprises a multi-mode light source LS having a 
substantially circular emission with an angle of divergence 
as coupled to cne end of an intermediate length of optical 
fiber IF, having an angle of acceptance af. A portion of 
the intermediate fiber IF is spliced or fused in the 

35 coupling region CR to an optical fiber FF carrying an 
information signal or the like, forming a so called X 
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coupler* A portion of the intermediate fiber IF can be 
coiled as shown at CF, if necessary. Of course the fiber IF 
could be spliced at its other end, forming a so called Y 
coupler • 

5 As it is known the acceptance angle af of an optical fiber 
is a function of the refractive indexes of the core and 
cladding thereof. According to the invention, the 
acceptance angle af of the intermediate fiber IF at its 
coupling end with the light source LS is greater than the 

10 emission angle as of the multi-mode light source itself. 
Thus a good coupling efficiency can be obtained. 
Fig. 2 shows a front view of a multi-mode laser diode LD, 
not in scale, with a thickness of about 1 micron and a 
width in the order of 50 microns. 

15 As illustrated in the Figure, the emission beam of the 
laser diode is substantially elliptical, with an angle of 
divergence of about 35-40 degrees in the plane 
perpendicular to the laser junction (i.e. a plane along the 
thickness of 1 micron), and an angle of divergence of about 

20 10-15 degrees in the plane of the laser junction (plane 
along the width of 50 microns). 

Three subsequent traces Bl, B2 and B3, progressively spaced 
away from the source of the beam (the diode front surface) 
are shown for illustrative purposes only . It is apparent 

25 that, being the greater diverging angle in correspondence 
with the shorter side of a rectangle, at a certain distance 
from the diode surface there will be a cross section of the 
laser beam (here B2 ) substantially circular, beyond which 
the relative dimensions of the ellipse appear exchanged 

30 (that is the major axis of the elliptical beam is rotated 
by 90 degrees ) . 

Figs. 3 to 7 illustrate a preferred arrangement of the 
invention that is particularly useful in coupling a pump 
multi-mode light source with one end of a feeding optical 
35 fiber which in turn is coupled to an SM-DC fiber length as 
a peculiar component of an optical amplifier. 
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With reference to Fig. 3 f a semiconductor laser diode LD 
emi tting a multi-mode radiation or light beam LB is coupled 
through a cylindrical lens CL with one end of an 
intermediate multi-mode optical fiber IF. 

5 The cylindrical lens CL is located in the elliptical light 
beam LB between the laser diode LD and the feeding fiber IF 
so as to progressively reduce the divergence of the 
transverse component of the laser beam until it becomes 
equal to or possibly even smaller than the divergence of 

10 the parallel component, thus forming a substantially 
circular beam that is coupled into the feeding fiber. The 
means through which the components can be positioned in 
respect of each other are conventional in the art and 
therefore have not been illustrated. 

15 In accordance with the invention the emission angle' as of 
the beam outcoming from the cylindrical lens CL is lower 
than the acceptance angle af of the feeding fiber to which 
it is coupled. In terms of Numerical Aperture of the 
feeding fiber itself it means that the NA of the fiber has 

20 to be greater than 0.3 in order to accept a beam of 35 
degrees • 

The other end cf the feeding fiber IF (or in case a remote 
portion of the feeding fiber) is fused together with the 
optical fiber FF as shown in Fig. 4. The splicing area 

25 designated with CR forms a so called Y coupler, since the 
splicing with the fiber FF takes place at the end of the 
feeding fiber IF. 

It is further to point out that the optical fiber FF 
could also be the active fiber of a fiber laser. 

30 Still in accordance with the invention, the cross sectional 
area of the feeding fiber IF in the coupling region CR is 
progressively reduced (so-called adiabatic core diameter 
reduction) until it reaches a value between 0.8 and 0.1 
with respect to the starting value i.e. the diameter where 

35 the light beam LB enters the fiber. In other words the 
squared ratio of the diameters is comprised between 1.5 and 
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100. 

Preferably the ratio between the minimum cross section 
area of the tapered feeding fiber IF and the initial cross 
section area thereof is from 0.01 to 0.7 and a more 

5 preferred value is about 0.1. 

Preferably the ratio between the cross section area of the 
feeding fiber IF and the cross section area of the fed 
fiber FF in the coupling region CR is from 0.01 to 0.99. 
It is preferred that the tapered portion of the feeding 

10 fiber is as shortest as possible, compatibly with the fiber 
resistance (capability) of withstanding a strong reduction 
of its cross section. 

This is accomplished by drawing the feeding IF or at least 
a section thereof at a given temperature, then twisting the 

15 narrowing portion around the signal fiber FF and in contact 
therewith (see Fig. 5), and then slightly pulling the 
fibers raising the temperature until they merge together. 
This way one obtains a better contact. Preferably the 
progressively tapered portion of the multi-mode feeding 

20 optical fiber IF fused to said multi-mode optical fiber FF 
is helically wound around this latter. 

When an X coupler is used, at least a portion of the 
feeding fiber has a progressively decreasing diameter f 
falling within the above mentioned ranges, and in this 
25 portion is joined to the fed fiber FF. 

With reference to Fig. 6 will be illustrated the principle 
upon which the invention is based. 

As previously mentioned, the emission angle as of the 
multi-mode source LS is a portion of the angle of 
30 acceptance af of the intermediate multi-mode fiber IF, and 
af is linked to the Numerical Aperture NA of the fiber by 
the relationship: 

NA = sin af 

Due to the fiber tapering the propagation angle of the pump 
35 laser radiation carried by the feeding fiber is gradually 
increased along the tapered region. 
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Assuming that the fusion between the feeding fiber IP and 
the fed fiber FP occurs along the entire tapered region of 
the feeding fiber IF and that the tapering ends with a 
negligibly small diameter, the relationship between the 

5 final divergence angle ac and the initial one as is: 

ac ■ as • ((Ac + AfJ/Ac) 1 / 2 
where Ac and Af are the cross sectional areas of the fed 
fiber FF and the untapered feeding fiber IF respectively. 
Provided that, for given values of Ac and Af , as is chosen 

10 in such a way that ac does not exceed the acceptance angle 
of the fibers (let assume for sake of ease that the N.A. of 
both fibers are equal ) , a reduction of the feeding fiber 
core diameter is obtained without losses of light from the 
fiber itself due to the light angle of propagation 

15 increase . 

In case the fusion between the the two fibers does not 
begin where the tapering of the feeding fiber starts , but 
rather at a different position within the tapered section, 
with a cross sectional area At of the feeding fiber, the 
20 above expression becomes: 

a'c - as • (Af/At) 1 / 2 ; (( A t + AcJ/Ac) 1 / 2 
corresponding to a larger increase in the divergence angle. 
The preferred arrangement is therefore the one described 
above. 

25 Fig. 7 shows with more detail the coupling region CR when a 
SM-DC fiber is adopted, including an inner concentrical 
single-mode core along which an optical signal carrying 
information propagates. Moreover the Figure schematically 
illustrates the light path of the pumping radiation when 

30 this latter is transferred from the multi-mode feeding 
fiber IF to the multi-mode core of the SM-DC fiber FF. 
In order to maintain an efficient coupling the Numerical 
Aperture of the multi-mode core of the fed fiber FF has to 
be equal or greater than the Numerical Aperture of the 

35 feeding fiber IF. 

It is worth to point out that, as described above, the most 
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efficient coupling is achieved if the contact between said 
multimode optical fiber FF and said feeding fiber IF is 
substantially accomplished along the entire tapered region 
of the IF fiber. 

5 Fig. 8 illustrates a cross section of the coupling region 
CR (before the merging of the two fibers) where both the 
optical fibers have a substantially circular cross-section 
and are without cladding at the junction. For the SM-DC 
fiber the second (outer) cladding is considered to be 

10 removed . 

Although the optimum coupling is obtained when both fibers 
are not provided with cladding layers, the invention 
applies also to fibers with unremovable cladding. In this 
case the coupling ratio will be reduced by an additional 
15 constant factor, which depends on the thickness of the 
cladding. 

Fig. 9 shows a cross section of the coupling region CR with 
two circular fibers still retaining the outer claddings. 
Fig. 10 illustrates a multi-mode optical fed fiber that 

20 have substantially elliptical cross section, and finally 
Fig. 11 shows a multi-mode optical fed fiber having 
substantially rectangular cross section. Of couse one or 
both the feeding fiber IF and the optical fiber FF can have 
one of the above illustrated cross sections. 

25 With reference to figs. 8, 9, 10, and 11, it is evident 
that the ratio of the core area Ac at the coupling end with 
the source LS to the core area Af at the fused end, is 
larger than the ratio af/as of the acceptance angle af of 
the feeding fiber IF to the initial emission angle as of 

30 the light source LS. 

When using a single-mode core fiber, the core is 
preferably doped with a relatively large amount of ions of 
rare earth or ions of transitional metal, or in case with 
a combination thereof. 

35 For example said single-mode core can be doped with 

both Ytterbium and Erbium ions, or Neodimium ions, or 
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Ytterbium ions alone or Chromium ions* 

Although preferred embodiments of the invention have been 
disclosed, several modifications and changes can be made to 
the same within the scope of the inventive idea. 
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CLAIMS 

1. A coupling arrangement for non-axial transfer of 
light power between a multi-mode light source (LS) f having 

5 a substantially circular emission with a divergence 
angle as, and a multi-mode optical fiber (FF) with a cross 
section Ac, through a length of an intermediate feeding 
multi-mode optical fiber (IF) having an end with cross 
section area Af coupled with said light source (LS) and one 
10 portion fused to said optical fiber (FF) , 

characterized in that said feeding fiber (IF) has a 
progressively tapered portion and is fused to said multi- 
mode optical fiber (FF) at a region of the tapered fiber, 
and in that the relationship between the acceptance angle 
15 af of the feeding fiber (IF) and the emission angle as of 
the light source (LS) is expressed by: 
af = k • as 

where k is a positive constant greater than 1. 

2. A coupling arrangement as claimed in claim 1, 
20 characterized in that said constant k is greater than 

( (Af + Ac) / Ac)l/2 
where : 

- Af is the cross section area of the feeding fiber (IF) 
coupled with said light source (LS ) , and 
25 - Ac is the cross section area of the multi-mode fiber 
(FF). 

3. A coupling arrangement as claimed in claims 1 and 
2, characterized in that the region of fusion between said 
feeding fiber (IF) and said multi-mode optical fiber (FF) 

30 coincides substantially with the whole tapered region of 
said feeding fiber (IF). 

4. A coupling arrangement as claimed in any of the 
preceeding claims, characterized in that said light source 
(LS) has a substantially elliptical emission and includes a 

35 device for converting such elliptical emission into a 
substantially circular emission with said divergence angle 
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(as). 

5. A coupling arrangement as claimed in any of the 
proceeding claims, characterized in that said light source 
(LS) comprises a multi-mode semiconductor laser diode (LD) 

5 having a substantially rectangular radiating aperture, and 
a cylindrical lens (CL) located in the light beam (LB) of 
said laser diode (LD), between said laser diode (LD) and 
the feeding fiber (IP). 

6. A coupling arrangement as claimed in the 
10 preceding claims, characterized in that said multi-mode 

optical fiber (PF) further contains an additional 
concentric single-mode core. 

7. A coupling arrangement as claimed in the 
preceding claims, characterized in that said multi-mode 

15 optical fiber (PP) further contains an additional 
concentric single-mode doped core . 

8. A coupling arrangement as claimed in claim 7, 
characterized in that said single-mode core is heavily 
doped with ions selected from the group of rare earth and 

20 transitional metal ions, or a combination thereof. 

9. A coupling arrangement as claimed in claim 7, 
characterized in that said single-mode core is doped with 
both Ytterbium and Erbium ions. 

10. A coupling arrangement as claimed in claim 7, 
25 characterized in that said single-mode core is doped by 

Neodimium ions. 

11. A coupling arrangement as claimed in claim 7, 
characterized in that said single-mode core is doped by 
Ytterbium ions . 

30 12. A coupling arrangement as claimed in claim 7, 

characterized in that said single-mode core is doped by 
Chromium ions. 

13. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that said optical fiber 

35 (FF) is the active fiber of an optical amplifier. 

14. A coupling arrangement as claimed in any of the 
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preceding claims, characterized in that said optical fiber 
(FF) is the active fiber of a fiber laser, 

15. A coupling arrangement as claimed in the 
preceding claims , characterized in that said feeding 

5 optical fiber (IF) is coupled to said multi-mode optical 
fiber (FF) as an X-coupler configuration. 

16. A coupling arrangement as claimed in the 
preceding claims, characterized in that said feeding 
optical fiber (IF) is coupled to said multi-mode optical 

10 fiber (FF) as an Y-coupler configuration. 

17. A coupling arrangement as claimed in the 
preceding claims, characterized in that both said optical 
fiber (FF) and intermediate optical fiber (IF) are not 
provided with cladding layers at the fused area (CR) . 

15 18. A coupling arrangement as claimed in the 

preceding claims, characterized in that at least one of 
said optical fiber (FF) and intermediate optical fiber (IF) 
is provided with a cladding layer at the fused area (CR). . 

19. A coupling arrangement as claimed in claim 1, 
20 characterized in that at least one of said optical fiber 

(FF) and intermediate optical fiber (IF) has a cross 
section that is substantially circular. 

20. A coupling arrangement as claimed in claim 1, 
characterized in that at least one of said optical fiber 

25 (FF) and intermediate optical fiber (IF) has a cross 
section that is substantially elliptical. 

21. A coupling arrangement as claimed in claim 1, 
characterized in that at least one of said optical fiber 
(FF) and intermediate optical fiber (IF) has a cross 

30 section that is substantially rectangular. 

22. A coupling arrangement as claimed in the 
preceding claims, characterized in that the ratio between 
the minim u m cross section area of the tapered feeding fiber 
IF and the initial cross section area thereof is from 0.01 

35 to 0.7. 

23. A coupling arrangement as claimed in claim 22, 
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characterized in that the ratio between the minimum cross 
section area of the tapered feeding fiber IF and the 
initial cross section area thereof is about 0.1. 

24 . A coupling arrangement as claimed in the 
5 preceding claims, characterized in that the ratio between 

the cross section area of the feeding fiber IF and the 
cross section area of the fed fiber FF in the coupling 
region CR is from 0.01 to 0.99. 

25. A coupling arrangement as claimed in claim 24, 
10 characterized in that the ratio between the minimum cross 

section area of the tapered feeding fiber IF and the cross 
section area of the fed fiber FF in the coupling region CR 
is about 0.1* 

26. A coupling arrangement as claimed in claims 1 to 
15 25, characterized in that said progressively tapered 

portion of said multi-mode feeding optical fiber IF fused 
to said multi-mode optical fiber FF is helically wound 
around this latter. 
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